Synthetic drugs and synthetic antioxidants produce adverse effects apart from their free radical scavenging activity (8) . Consumption of natural food supplements, phytochemicals, and natural antioxidants can significantly lower the adverse effects. Food supplements of natural origin are the best way to combat these adverse effects (9) . The purpose of this study was to investigate the chemical constituents present in the essential oils from the needles, fruits, and bark of Pinus pinea L. that grow wild in Jordan and to evaluate the antioxidant and antibacterial activity.
MATERIAL AND METHODS

Chemicals
Modified Griess reagent, DPPH∑, ferrozine, sodium nitroprusside, β-carotene, and other chemical were purchased from Sigma-Aldrich (USA) and used without purification.
Plant material
The needles, fruits and barks of P. pinea species were collected during July and August in 2015 from different trees in Jordan, planted in Al-Salt governorate (Al-Ahliyya Amman University), and in Amman governorate (Iraq Al-Ameer, Amman). The plants were identified by Taxonomist (Dr. Dawud Mohammad Al-Eisawi, University of Jordan, Amman).
Isolation of the essential oils
The air-dried needles, fruits and bark of the collected plant were ground to about 0.8 mm particle size (18-20 mesh) . Ground plant material (200 g) was accurately weighed transferred to a doublenecked round-bottomed flask (2 L). Distilled water was added to it (1.25 L) and it was subjected to hydro-distillation using Clevenger-type apparatus for 3 hours (n = 3). The hydro-distilled essential oils were collected and dried over anhydrous sodium sulfate. The essential oils were transferred to amber colored vials, flushed with nitrogen, sealed and stored in a refrigerator until required.
Analysis of essential oils (EOs)
Analysis of EOs and fraction were carried out using Varian Chrompack CP-3800 GC/MS/MS-2200 equipped with a split-spitless injector, DB-5MS fused silica column (5% phenyl, 95% polydimethylsiloxane 30 m ◊ 0.25 mm, film thickness 0.25 µm). A linear temperature program was used to separate the different oil components. Temperature programming was applied at 3 O C/min heating rate start-ing from 60 O C (initial temperature) to 250 O C (final temperature) and held at 250 O C for 5 min with a total run time of 70 min. Injector temperature was 250 O C with a split ratio of 1 : 10; injection volume (1 µL), carrier gas: helium; MS source temperature/detector temperature: 250 O 
Antimicrobial activity
The antibacterial activity of the essential oils, fraction and isolated compound was evaluated by agar diffusion method against three bacterial species, two gram-negative strains (Klebsiella pneumoniae and Escherichia coli ATCC 8739) and one-gram positive strain (Staphylococcus aureus ATCC 6538a). Samples were vortexed, circular discs of filter paper (6 mm) were sterilized and placed in the samples (33% EO in 30% aqueous DMSO (dimethylsulfoxide) for soaking (24 h). The plates were inoculated with bacteria and the samples were placed over the media. The plates were incubated at 37.0 ± 0.5 O C for 24-48 h. After the desired incubation time, the diameter of the zone of inhibition was measured. DMSO (30%) was used as negative control and different antibiotics discs were used as standard. The antibiotics were tobramycin (30 µg/disc), penicillin G (10 U/disc), lincomycin (2 µg/disc), chloramphenicol (30 µg/disc) and cefaclor (30 µg/disc).
DPPH free radical scavenging activity 10
The free-radical scavenging activity of the EOs was measured as a decrease in the absorbance of methanol solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH). A stock solution of DPPH (0.002% w/v) was prepared in methanol and different concentrations of the EOs were added (2ñ250 µg/mL). After incubation at room temperature for 30 min, the pale pink color developed was measured at 517 nm using a spectrophotometer and compared with the standard (1ñ100 µg/mL ascorbic acid). Free radical scavenging activity (9) was expressed as the percentage inhibition calculated using the following formula:
Abs sample % Free radical scavenging activity = [1 ñ ññññññññ] × 100
Abs control
Ferrous ion-chelating activity
The samples were estimated for the ferrous ion-chelating activity as described by Chua et al. (11) . Briefly, 750 µL of the sample in methanol mixture (2-250 µg/mL) were incubated with 50 µL ferrous chloride solution (FeCl 2 ) (2 mM). The reaction was initiated by the addition of 50 µL ferrozine solution (5 mM) into the mixture and allowed to stand for 10 minutes in dark. The absorbance of the reaction mixture was measured at 562 nm. Rutin was used as a positive control in this assay.
Nitric oxide radical scavenging activity 12 The aqueous sodium nitroprusside (SNP) solution reacts with oxygen and generates nitrite ions, these ions can be quantitated by Modified Griess reagent. In brief, the reaction mixture contained 10 mM SNP (0.25 mL), phosphate-buffered saline (pH 7.4, 0.40 mL) and various concentrations of the test solution (0.10 mL) in test tubes, after incubation at 25 O C (150 min.), the 0.25 mL of Griess reagent (1x, Sigma-Aldrich, USA) was added. The color generated during the diazotization of nitrite ions was measured spectrophotometrically at 546 nm. Quercetin (10-175 µg/mL) was used as a standard compound for comparison. β β-carotene bleaching (BCB) Assay 13 A solution of β-carotene was prepared by dissolving 5 mg of β-carotene in 50 mL of chloroform. An aliquot of the 3 mL was added to 40 mg linoleic acid and 400 mg of tween 40. It was mixed and set aside for 2 minutes. The chloroform was evaporated off using nitrogen gas. The residue was reconstituted in 100 mL of distilled water using vortex. Immediately after preparation, the absorbance of this solution was recorded at 470 and 700 nm. Different solutions of oil (50 µg/mL to 1000 µg/mL) were prepared in methanol (with the aid of 0.05% Tween-40). β-Carotene-linoleic acid emulsion (1 mL) was mixed with different solutions of oil (0.25 mL). All the solutions (control and test) were capped and incubated (50 O C) for 1 hour. The control sample contains anequivalent amount of methanol (0.05% Tween-40). The absorbance of the solutions (λ 470 and λ 700 nm) was determined after 60 min. All determination was carried out in triplicate; the degradation rate (DR) and antioxidant activity were calculated.
Degradation rate (DR) of β-carotene = Ln (A initial /A sample )/60
Statistical analysis
Results are expressed as mean ± standard deviation (SD). Graph-Pad Prism 5 (San Diego, CA, USA) for Windows was used for statistical analyses of experimental data.
RESULT AND DISCUSSION
Chemical composition of essential oils
The simultaneous use of mass spectroscopy and arithmetic retention index (14) correlation allowed for unequivocal identification of more than 72.9, 78.2 and 75.6% of the components of the essential oils obtained from needles, fruits and bark of Pinus pinea under study which are determined by the GC-FID and GC-MS. The essential oils yield using hydro-distillation from needles, fruits and bark were 0.19%, 0.50% and 0.21% v/w, respectively. The total number of identified compounds were 28, 29 and 27 in the essential oil obtained from needle, fruits and bark respectively ( Table 1 ). The main constituents of the essential oil from needles were guaiol (12.7%), limonene (11.4%), and β-caryophyllene (7.6%). Hmamouchi et al. (15) reported that the main component of the EOs obtained from P. pinea grown in Morocco was α-pinene (37.0%). P. pinea grown in Jordan showed that guaiol (12.7%) as the major component, while the percentage of α-pinene was 0.51% in the same sample. Amri et al. (16) reported that the limonene (54.1%) was the main constituent in the Pinus pinea grown in Tunisia. The essential oil of needles of Pinus pinea grown in Greece was rich in limonene (39.05%) and β-phellandrene (13.8%). The other components were α-pinene (5.13%), guaiol (2.79%), and β-pinene (2.65%) (17) . Pinus pinea grown in Italy and Turkey were rich in limonene and β-phellandrene content (18, 19) . The percentage of limonene in Italy and Turkey were 58.9% and 55.0% respectively. While the percentage of β-phellandrene ranged from 6.7 to 7.4% The percentage of α-pinene was 6.2% in Pinus pinea grown in Italy (18) .
The major constituents of essential oil from fruits were limonene (32.56%) and α-pinene (6.78%). Macchioni et al. (18) have reported that EO from cones contains mainly 61.6% of limonene in variety grown in Italy, while in the Jordanian variety the percentage of limonene was 32.56%. The percent of α-pinene (19.4%) was also higher than the Jordanian variety (6.78%). The other constituents present were β-caryophyllene (2.8%), β-pinene constitutes around 69.5% of essential oil (20) . The yield of oil from P. pinea bark was 0.2% (v/w). The results showed that β-caryophyllene (16.5%) as the major compound. The other constituents identified were limonene (14.83%), caryophyllene oxide (11.83%) and longifolene (7.51%). This difference or variations in the concentration may be due to their geographical location, climatic condition, time of collection and other factors.
